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The authors of Ref. [1], investigated cosmic evolution in an external interacting model of scalar
tensor gravity namely Brans Dicke chameleon scenario. The procedure of this work contains novelties
but, it shall be observed from this comment, their report faces three fundamental drawbacks. One
of them concerns the energy conservation equation, and the other two flaws are about mathematical
mistakes. In the scalar tensor gravity models, a well-known method, in order to obtain conservation
equation one must combine Friedmann equations with modified Klein-Gordon equation. But in
Ref. [1], by virtue of the mentioned approach one would not be able to achieve a correct result for
conservation equation. In addition, one can readily realize that their mathematical mistakes lead
to different results compared to the present report.
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2I. INTRODUCTION
As an interesting scalar tensor model, one can refer to the well known Brans Dicke (BD) model of gravity [2].
To avoid any repetitive discussions about BD model and its applications, which could be found in a wide range of
literature, we briefly mention only some drawbacks of BD scenarios in the following. In fact, more studies have shown
that, BD theory faces some problems in comparison to observation. For instance although BD theory proved to be
useful for the solution to many cosmological problems, it has a serious drawback through which the BD parameter ω,
has to have a small value of order unity. Also, it is realized from recent literature within past two decades, a suitable
framework to overcome mentioned problems and investigate the evolution of the Universe, from the primordial era to
late time is chameleon mechanism [3]. In this approach, Newtonian constant of gravitation G is constant but scalar
field has non-minimal coupling with Lagrangian of matter which leads to describing the Universe evolution in a better
way rather than BD model. In fact, one of the main ideas that caused to introduce the chameleonic behaviour goes
back to providing an alternative mechanism for circumventing the constraints on local test of gravity, especially the
fifth force concept [4]. In the chameleon model of gravity the scalar field acquires a mass whose magnitude depends on
the local matter density, and so gives an effective mass to a light scalar field via field self-interaction and interaction
between the scalar field and matter[3].
To solve some shortages that chameleon model has faced to them, some researchers, for example Clifton et al., [5] and
Das et al., [6] have proposed a framework in which scalar field has nonminimal coupling with both the geometry and
matter, i.e., BD chameleon (BDC) mechanism. The BDC model is useful even for high values of ω and thus it is in
good agreement with the observational data [7]. Also we can emphasize that, by virtue of these scalar tensor models
of gravity, different scenarios, for instance holographic [8] and new agegraphic [9] models of dark energy (DE), have
been investigated. For more studies in each areas we can refer the reader to [10, 11].
Based on discussions above, it will be shown the Eqs. (2), (7), (9), and therefore related results of Ref. [1] are wrong.
II. MATHEMATICAL TOOLKITS FOR BDC SCENARIO
Following Ref. [1], we want to consider the action
A =
∫
d4x
√−g
(
φR − ω
φ
∂µφ∂
µφ− V (φ) + 2f(φ)Lm
)
, (1)
where in the last term we notice the factor 2 which is absent in Ref. [1], and in the following we shall see this factor
2 will lead to quite different results. In above equation, R is the Ricci scalar, ω is the dimensionless BDC parameter,
Lm is the Lagrangian of matter, and φ is the BDC scalar field with a potential V (φ). The last term in the action
indicates the interaction between matter lagrangian and some arbitrary function f(φ) of the BDC scalar field, and we
shall assume f(φ) 6= 1, throughout this work. It should be noticed that we shall consider homogeneous and isotropic
Fridmann-Limature-Robertson-Walker (FLRW) metric as
ds2 = −dt2 + a2(t)
[
dr2
1− kr2 + r
2(dθ2 + sin2 θdφ2)
]
, (2)
where a(t) refers to the scale factor and k = −1, 0,+1 indicates open, flat and close Universe, respectively. Following
the approach in Ref. [1], but using usual definition of energy momentum tensor (Tµν =
−2√−g
δ(
√−gLm)
δgµν
), by varying
the action with respect to gµν the field equations could be obtained as follows
φ(Rµν − 1
2
gµνR) = f(φ)Tµν +
ω
φ
(∂µφ∂νφ− 1
2
gµν(∂αφ)
2) + [∇µ∇ν − gµν]φ− gµν V (φ)
2
. (3)
Considering 0− 0 and i− i the components of Eq.(3), one gets
3
(
a˙2
a2
+
k
a2
)
=
f(φ)
φ
ρ− 3 a˙
a
(
φ˙
φ
) +
ω
2
φ˙2
φ2
+
V (φ)
2φ
, (4)
2
a¨
a
+
a˙2
a2
+
k
a2
= −f(φ)
φ
p− ω
2
φ˙2
φ2
− 2 a˙
a
(
φ˙
φ
)− φ¨
φ
+
V (φ)
2φ
. (5)
3Here a˙/a is the Hubble parameter and overdot indicates differentiation with respect to the cosmic time t. Also ρ and
p refer to the energy density and pressure, respectively.
In addition, the Klein-Gordon equation could be readily achieved as
φ =
1
2ω + 3
(fT − 2Lmφf,φ) + 1
2ω + 3
(φV,φ − 2V ) . (6)
As indicated in Refs. [12, 13], when one has the interaction between Lagrangian of matter and scalar field the best
choice for Lm is pressure p. But whereas our main aims, in writing this report, are about the mathematical and obvious
problems so following Ref. [1] we consider Lm = T/4 in which T is the trace of energy-momentum tensor. Here, we
suppose that all components of matter are perfect fluid and therefore, the stress-energy tensor can be expressed as
Tµν = (ρ+ p)uµuν + pgµν , (7)
where uµ is the four-vector velocity of the fluid. By varying the action with respect to the BDC scalar-field, and by
virtue of Eq. (2) the dynamical equation of φ is obtained as follows
φ¨+ 3Hφ˙ =
ρ− 3p
2ω + 3
(
f − 1
2
φf,φ
)
− 2
2ω + 3
(
V − 1
2
φV,φ
)
. (8)
Combining Eqs. (4, 5) and (8) we get the modified conservation equation as
ρ˙+ 3Hρ(1 + ωt) =
−3f˙
4f
(1 + ωt)ρ, (9)
where ωt = p/ρ. Based on discussions in Ref. [13], p and ρ indicate pressure and energy density for all components
of the Universe except for scalar field. According to Refs. [12, 13], if we consider Lm = p, the conservation equation
of energy becomes
ρ˙+ 3Hρ(1 + ωt) = − f˙
f
(1 + ωt)ρ. (10)
And again the right hand side of conservation equation is not equal to zero and therefore leads to different results
compared to Ref. [1].
In next section it will be shown, in more details, in Ref. [1] the right hand side of the above equation was neglected
completely and it causes omitting the chameleonic effects in mentioned paper.
III. COMMENTS
I, About the action
The first step of every work in scalar tensor gravity is to determine the action. Then by taking the variation
with respect to the independent parameters, i.e. the metric and scalar field, the main equations can be obtained.
In Ref. [1], the action considered is
A =
∫
d4x
√−g
(
φR − ω
φ
∂µφ∂
µφ− V (φ) + f(φ)Lm
)
, (11)
hence taking the variation of the action with respect to the metric gives us the field equation as
φ(Rµν − 1
2
gµνR) =
1
2
f(φ)Tµν +
ω
φ
(∂µφ∂νφ− 1
2
gµν(∂αφ)
2) + [∇µ∇ν − gµν]φ− gµν V (φ)
2
. (12)
It should be noted that to get this result, we considered Tµν =
−2√−g
δ(
√−gLm)
δgµν
. As can be seen there is a
coefficient 1/2 in Eq.(12) for Tµν tensor, which was neglected in Ref. [1]. It can be checked that the result of [1]
for Eq. (2) is obtained if and only if they consider Tµν =
−1√−g
δ(
√−gLm)
δgµν
, otherwise they should correct the form
of the action. Now let us answer a big simple question: where does the definition of Tµν come from?. To answer
this basic question, we know that the form of the energy-momentum tensor directly comes from the action by
taking variation with respect to the metric. So if the author of Ref. [1] have used a different form of Tµν , they
should have mentioned it in their work.
4Now let us show in a brief calculation, how the coefficient 1/2 appears in Eq.(12) above? To do so, by virtue of
Eq.(11) one has
δ
∫
d4x
√−g f(φ)Lm =
∫
d4x
[∂(√−g f(φ)Lm)
∂gµν
δgµν +
∂(
√−g f(φ)Lm)
∂g,αµν
δg,α
µν
]
=
∫
d4x
(∂(√−g f(φ)Lm)
∂gµν
− ∂
∂xα
[
∂(
√−g f(φ)Lm)
∂g,αµν
]
)
δgµν
where a comma followed by an index indicates partial differentiation. By defining energy-momentum tensor as
Tµν =
−2√−g {
∂(
√−gLm)
∂gµν
− ∂
∂xα
[
∂(
√−gLm)
∂g,αµν
]},
we find
δ
∫
d4x
√−g f(φ)Lm = −1
2
∫
d4x
√−g f(φ)Tµνδgµν .
Now by repeating such a procedure for other components of the action the results of Eq.(12) will be obtained,
which are different from Eq.(2) appeared in Ref. [1]. Anyway, when we consider the usual form of energy-
momentum tensor for their work, some additional terms on the right hand side of Eq.(9) appear beside −3f˙4f (1+
ωt)ρ . At last when we compare the results of [1] with the works in the literature it is obvious that by virtue of
Tµν =
−2√−g
δ(
√−gLm)
δgµν
, the action (1) must be corrected as
A =
∫
d4x
√−g
(
φR− ω
φ
∂µφ∂
µφ− V (φ) + 2f(φ)Lm
)
. (13)
For more details the reader is referred to [10–13].
II, About the second Friedmann equation
Now, by comparing Eq.(5) in this report with equation (7) in Ref. [1], it is realized that the coefficient f(φ)
is completely neglected. It is obviously clear that in equation (2) of Ref. [1], f(φ) is the coefficient of energy-
momentum tensor, so dimensionally f(φ) has to be appear as the coefficient of pressure p in equation (7). In
other words, as can be seen in Eqs. (6) and (7), the origin of energy density and pressure is Lagrangian of matter.
So from Eq.(2) of [1] it is obvious that, f(φ) has interaction with both energy density and pressure. Therefore,
if scalar field has interaction with energy density in Eq.(6), how the interaction was omitted in Eq.(7)?
In fact, the importance of this question goes back to combination of Eqs.(6)-(8) in Ref. [1] to get conservation
equation, i.e. equation (9). Anyway with (or without) this coefficient, as discussed above, the right hand side of
Eq.(9) in [1] is not equal to zero. And in the following sub-section, we shall show that despite the title chosen
for their report they have not taken into account the effects of chameleonic interactions.
III, About the conservation equation
If one compares Eq.(9) of this work and equations (9) in Ref. [1] it is obviously observed that the right hand
side, which contains the effects of coefficient f(φ), is completely ignored. Hence the results of this comment and
Ref. [1] are completely different. In fact, based on their results, it is assumed that in BDC model each part of
matter is able to justify the energy conservation separately. But as we have shown in this paper this is not true.
In fact we should emphasize that although total energy is conserved but for each separate part the conservation
of energy could not be justified individually, and it means that we have the energy flux between components of
the Universe. For more details we refer the reader to Refs. [11, 13, 14].
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